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In this work an overall electronic structure including the position and formation energies 
of various intrinsic and extrinsic defects are computed for the undoped and of (Nb, Ta)-
doped anatase using Density Functional Theory aided by Hubbard correction (DFT+U). 
Here, DFT+U is used to account for the strong on-site coulomb interaction of localized 
d electrons. U value of 4.2 eV corresponding to that of Titanium is used here. The various 
intrinsic point defects considered here are, oxygen vacancy (VO), oxygen interstitial (Oi), 
titanium vacancy (VTi) and titanium interstitial (Tii). In addition to above, in this study 
the interaction of these dopant atoms with those of the oxygen-related native defects (i.e., 
VO and Oi) and Tii is investigated. Finally effective mass of the electrons and holes both 
for the undoped and doped anatase are calculated from the curvature of their E-K 
diagram. Out of all the intrinsic defects considered here, VTi and Tii are found to be the 
most stable electronic defect states under equilibrium condition. Whereas, the conduction 
band in undoped anatase is found to consist of mainly Ti 3d states with a minor 
component of O 2p states, the valence band is found to be mainly composed of O 2p 
states with a minor contribution from Ti 3d states. VO and Tii are found to form localized 
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states in the band gap. In Nb- and Ta-doped anatase, hybrid states of Ti 3d and Nb 4d and 
Ta 5d and Ti 3d are found to form near the conduction band edge as well as in the 
conduction band, thereby reducing their band gap (2.35 eV and 2.40 eV respectively) as 
compared to that of undoped anatase (2.44 eV). These hybrid states are the primary 
reason for the high conductivity observed in doped anatase. Moreover, here Oi is found 
to stabilize near the dopant atom, suggesting higher bond strength between the dopant 
and the oxygen atoms. Anisotropy in the effective mass is seen, with effective mass of 
electrons along the c-axis of the tetragonal lattice of undoped anatase being about 10 
times higher than that along the a-axis. The extent of anisotropy is found to increase in 
doped anatase. Finally, an alignment of band diagrams for all the intrinsic and extrinsic 
defect states is performed using vacuum potential from slab-supercell calculation as 
reference. 
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